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(54) Printing apparatus and printing control method 



(57) in cross control in sub-scanning (IF) and main 
scanning (CR), to avoid the risk of skew printing and in- 
crease the processing speed, a supposed settling time 
In the next sub-scanning cycle is obtained on the basis 
of the history information of the sub-scanning settling 
lime oJ a printing apparatus, and a supposed Idle time 
from the start of the next main scanning driving cycle to 
the start ot printing is obtained on ihe basis or the nisiory 

Ixituimrttiof) uf the main KuAitniny nuclei ajiun required 



time. It Is determined using the supposed settHng time 
and supposed idle tlmo whother cross control in which 
main scanning driving starts before the end of sub-scan- 
ning driving can be executed In next print scanning 
processing, if it is possible, the time difference from the 
start of sub-sconnmg driving to tho start ot main scan- 
ning driving is determined using me supposed settling 
lime and Ihe supposed idle lime. 
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Description 

FIELD OF THE INVENTION 

[0001] Tne present invention relatea to a priming ap- 
paratus which executes etnas control a* control for re- 
alizing high-speed printing in. e.g., a serial printer and, 
more particularly, to an apparatus which employs, as a 
driving source, a DC motor or ultrasonic motor whose 
driving profile dynamically changes, and a control meth- 
od thereof . 

BACKGROUND OF THE INVENTION 

[0002] In recent years, printers are required to have 
not only higher image quality but also lower operation 
noiso. Especially, an inkjot printing apparatus which has 
only a lew noise sources in prlrttinfl uses a UC motor 
and linear encoder as a driving means Tor scanning a 
prmtneacf. thereby reducing noise. Today, a DC motor 
nnd rotary o ixjodoi wna also tioirtg employed as a driving 
moans for paper conveyance. For noise reduction, an 
effect can be expected only by employing a DC motor. 
However, for accurate conveyance, an advanced slop 
control technique and mechanical accuracy are neces- 
sary. 

£0003) To stop a DC motor, fcho motor is basically pow- 
ered off when t he rni«lJnn ni a roller has warned a largm 
position, thereby stopptaa the motor by inertia, 
[0004] To ensure stop accuracy in use of a DC motor, 
deceleration before Stop and removal of disturbance 
torque belore stop (i.e., stable low-speed operation Im- 
mediately before slop) are indispensable. When the mo- 
tor Is powered off at a constant and sufficiently low 
speed, the settling limo and stop accuracy until stop can 
be stabilized. 

[0005] However, it Is very difficult to stable the ac- 
celeration required time In mam scanning (CR) to a com- 
pletely same value In all driving modes or stabilize the 
settling lime In sub-scanning (LF) to a completely same 
value in Hfl diiviny ruuUw, 

[0006] A serial printer requires cress control to in- 
crease (ho processing spood. In this control, timings are 
munoged sucri that main scanning driving starts boforc 
sub-scanning driving io ended, and eub-ecanning etope 
just when main scanning has reached the printing re- 
gion, In consideration of an expected value of each time 
value required for printing. 

[G007] fn this arrangement, ft is difficult to accurately 
osHmato the expected timo because or a variation In ac- 
celeration required limo In main scanning and a varia- 
tion in settling time In sub-scanning driven by the DC 
motor. Hence, without time management with a suffi- 
cient margin for errors of expected time, main scanning 
reaches the printing region while sub-scanning is still 
Oporeting, resulting in skew printing. 
[0008] On the other hand, if the margin Is loo large, 
cross priming control becomes Ineffective, resulting in 



low processing speed. That is, in executing cross control 
in a eorial printer that employs a DC motor as a driving 
source, Iho highly efficient cross control and skew print- 
ing avoidance have a contradictory relationship. 

5 [0005] The above problem and ideal operation to be 
reali7ed hy the present Invention will be briefly described 
below wilh reference to Figs. 1Ato 1C. 
£0010] Fig. 1 A is a timing Chan showing tho sub-scan- 
ning (LF) driving pattern. Roforenco numeral 21 donates 

to a sub-scanning driving profllo. Duo to a variation In con- 
trol system, the lime from the start to stop of driving var- 
ies to T, 1 . T.£, and T_.3 in driving three tlmee, 
[0011] Fig. 18 is a timing chart showing the main 
scanning (CR) driving pattern. Reference numeral 22 

15 denotes a main scanning driving proftlo; and 23, a print- 
ing region. Due to a variation In conlrol system, the time 
from the start or driving to the start ot printing varies lo 
»\A L.6. and l_ts In driving three times. 
[0012] Fig. 1C is a timing chart showing a driving pat- 

£0 torn in cross conirol printing using iho sub-scanning 
driving pattern shown In Fig. 1 A and the main scanning 
driving pattern shown in Fig. 10. Fig. 1C simply and 
olearty shows the concept of the present invention. Ae 
Is apparent from the history in the pest, the boat balance 

SS can be obtained by determining the degree of overlap 
between main scanning (LF) and main scanning (CR) 
by the worst cnndillons in cross conlrol. I.e., T_3 (the 
moving lima in the slowest profile until the end of move- 
ment of CF) andT 4 <jho printing start time In the profile 

30 with the toast margin from the start of movement to the 
start oJ printing of CR). If the decree of overlap i3 in* 
creased, skew printing Is supposed to occur. If the de- 
gree of overlap Is decreased, a wasteful main scanning 
Idle interval in which main scanning driving does not 

35 overlap sub-scanning diving and n o printing (s executed 
Is supposed to be generated. 

SUMMARY OF THE INVENTION 

*o (0013) The present invention has been proposed to 
serve Die conventional piobloms, and has as Srs objecl 
to realize the optimum balance between the sub scan* 
ning driving time and the main scanning driving time in 
cross control. A printing apparatus end printing control 

45 method According to the pmeent invention are mainly 
charnclerlxed by the following arrangements. That is, 
according to tho present invention, a printing apparatus 
comprising: first storage means for recording a history 
of asuc-scanning settling time: second storage means 

so lor recording a history of a main scanning acceleration 
required time; supposed settling time determination 
means for obtaining a supposed settling time in a next 
sub-scanning driving cycio on the basis of the history 
information of the sub-scanning settling time stored in 

55 the first storage means; supposed tc3o time determina- 
tion means lor obtaining a supposed idlo lime Irom a 
next start of main scanning driving to a start of printing 
on the basis of the history information of the main scan- 



2 

PW2 51/86 1 RCVD AT 3/2/2006 3:37:40 AM [Eastern Standard Time] 1 SVRiUSPTO-EFXRF-1/8 1 DMS:2738300 ' CSffl:170M97451 7 * DURATION (mm-ss):30-22 



To: USPTO Page 52 of 86 



2006-03-02 08:31 :39 (GMT) 



17039974517 From: BINCHI CHANG 



EP 1 256 366 A2 



ning acceleration required time stored in Ihe second 
storage means; determination means (or determining 
using l ho supposed eelUing lima and inasupposod idle 
Lime whether cross control In which main scanning driv- 
ing starts before an end of sub-scanning driving can bo 
executed in next print scan ning processing; and timo dif- 
ference detenrunation moans for determining o time dif- 
forenco from a start of sub^scanning driving to tho start 
of main scanning driving using the supposed settling 
lime and the supposed Idle time on the basts of deter- 
mination by the determination means In order to execute 
cross control in a next print scanning cycle, 
[0014] Preferably, in the priming apparatus the first 
storage means stores the sub*scanning settling times 
in M sub-scanning dhving cycles in the past as lho his- 
tory information, and the supposed settling lime deter- 
mination means employs a maximum value stored In the 
first storage means as the supposed settling time? tn the 
next sub-scanning arrvlng cycle. 

[0016] Preferably, ip tho priming apparatus, the sec- 
ond storage moans stores tho main scanning accelera- 
tion required times in M main scanning driving cycles in 
the past as tho history information, and tho supposed 
idle timo determination moans employs a minimum val 
ue stored in the second etc rage means as the supposed 
Idlo timo in tho noxt main scanning driving cyclo, 
£001 B] Preferably, in lho printing wpparHlics, (he lirrv* 
difference determination manna employs, as the time 
difference, a timo value obtained by adding a predate r- 
mlnod margin timo to a timo value obtained by subtract- 
ing the supposed idle lime from the supposed Settling 
time. 

[0017] Preferably, |n tho printing apparatus, only 
when tho supposed settling timo Is shorter than a preset 
allowable maximum settling time, the determination 
means determinos that cross control can be executed. 
[0016] Preferably, in the printing apparatus, when tho 
supposed sotLling time exceeds a preset allowable max- 
imum seuHng lime, ihe determination means inhibits 
cross control. 

{001 d) Preferably, in the printing apparatus , when the 
supposed settling time exceeds a preset allowable max- 
imum settling timo, the Determination moans switches 
to oontrol for starting main scanning operation «ficr an 
end of dub-scanning operation. 

[0020] Preferably, in the printing apparatus, upon 
powering on, the supposod settling time dotormi nation 
means employs, as an initial condition, a maximum sub- 
scanning settling time in me history information of the 
sub- scanning settling times of the N cycles in the past 
from the first storage means. 
[0021] Preferably, In the printing apparatus, upon 
powering on, tho supposed id|o time determination 
means employs, as an initial conojtion, a minimum main 
scanning acceleration time in the history information of 
tho main scanning acceleration times of the M cyctee in 
the past from the second storage means. 
[0022] Preferably, ft the printing apparatus, the first 



storage means stores the history information of the sub- 
scanning settling times of the N cycles in the past in cor- 
respondence with eftch printing condition, and the sup- 
posed settling time determination means employs a 

5 sub' scan ning sottlinfl time of a corresponding printing 
condition as an initial condition in accordance with a 
print instruction. 

(0023) PTeferaWy. in the printing apparatus, a DC mo- 
tor Is employed as a main scanning and sub-scanning 

10 driving source. 

[0024} Preferably, *n the printing apparatus, tha appa- 
ratus further comprises first measurement means for 
measuring a variation In toad on a caniago, and tho his- 
tory information ol tho main scanning acceleration re- 

is guircd time stored in the second storage means Is ini- 
tialized on the basis of a measurement result from the 
first measurement means. 

[0025] Preferably, in tho printing apparatus, the appa- 
ratus futther comprises second load measurement 

40 moans for moasurtag a toad variation or a printing me- 
dium on a convey mechanism, and the history informa- 
tion of the sub^scanning souling time stored in lho first 
storage moons l3 Initialized on tho basis of a monsuro 
mcnt result from the second load measurement meano. 

9* [0026] Preferably, in the printing apparatus , tho histo- 
ry of tho sub^canning settling time and tho history of 
Ihe main scanning aficeteration required time am stored 
In a nonvolatile memory, and tho pieces of information 
can bo hold even after power-ofl. 

6 [0027] Preferably, In the printing apparatus, when 
control is executed by feedback using only speed infor- 
mation without using any position information, the de- 
termination means inhibits cross control. 

[0028] According to the present invention, a printing 

55 control method of controlling the printing apparatus 
comprising: the first storage stop ol recording a history 
of a sub -scanning scttftng time of the printing apparatus 
in a memory; the second storage step of recording a his- 
tory ota main scanning acceleration required timo of the 

<o printing apparatus tn a memory; the supposed settling 
rime determination stop of obtaining a supposed settling 
time in a next sub-scanning driving cycle on the basis 
of tho history reformation of Ihe sub-scanning settling 
timo stored in the first storage step; the supposed idle 

<■* Urns daierrrfnaxlon step of obtaining a supposed Idle 
time from a next start of main scanning driving to a start 
of printing on tho basis of the history information of the 
main scanning acceleration required time stored in the 
second storage step: the determination step of dolor- 

3^ mining using the supposed settling time and the sup- 
posed Wie time whether cross control in which main 
scanning driving starts beforo an ond of sub-scanning 
driving can be executed in next print scanning process- 
ing; and the time difference determination step of deter- 

55 mining a time difference from a start of sub-scanning 
driving to the start of main scanning driving using the 
supposed settling time and tho supposed idle time on 
tho basis of ^termination in trio ^termination step in 
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Fig. 8 is a timing chart for explaining tho Influence 
of disturbance and actual control In detail; 
Fig. 9 is a liming chart for explaining the influonco 
of disturbance and actual control in detail; 

5 Fig. mJftRHnwcrwrtlor Axplainlngtho flow or gen- 
eral driving processing; 

Fig. 11 is a liming chart related to each processing 
described in Fig. 10; 

Fig. 12 is a timing ohart for explaining timing man- 
to agoment when the general driving processing flow 
is applied to sub-scanning (LF) and main scanning 
(CR); 

Fips. 13A and 13B am flow charts for explaining 
processing according to an embodiment of lhe 
is present Invention In detail; 

Figs. 14A and 14B are timing charts related to 
processing according to ttio first embodiment of iho 
preeent invention in detail; 

Fi^s. 15A and 15B are (tow charts for explaining 
20 pjocussing according to the frrsl HniUudinieiilof the 
present Invention In derail; 

Figs. 16A and 16B aro timing charts rotated to 
processing according to the first embodiment of tho 
present Invention In detail; 

6 Figs, 1 7A and 1 7B are flow charts tor cxplainine, 
processing according to another embodiment of the 
present invention in dotatf; 

Figs. 1fiA and 18B are timing charts related to 
processing according to still another embodiment 
so of tho present invention In dotali; and 

Fig. 10 is a flow chart for explaining processing ac- 
cording to still another embodiment of Iho present 
invention in detail. 

95 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



order to execute cross control in e noxt print scanning 
cycle. 

(0029] According to the present invention, u printing 
control pmgram which causes a compter lo ftmnMon lo 
control « priming apparatus, I ha program comprising* 
first storage means for recording a history of a sub-scan- 
ning settling time; second storage means for recording 
a history of a main scanning acceleration required time; 
supposed sotrljng time extermination moans for obtain- 
ing a supposed settling time in a next sub-scanning driv- 
ing cycle on tho basis oJ tho history information of the 
sub-scanning settling time stored in the first storage 
means; supposed Idle time determination means for ob- 
taining a supposed (die time from a next start of main 
scanning driving to a start of printing on the basis of the 
history information of the main scanning acceleration re- 
quired time stored in the second srorago means; deter- 
mination means for determining using the supposed set- 
tling time and the supposed idle lime whether or ess con- 
trot in which main scanning calving stalls before an end 
of sub-scanning driving can be executed In next prim 
scanning processing; and time difference determination 
means for determining a time difference from a start of 
sub-scanning driving to the start of main scanning driv- 
ing using the supposed settling time and the supposed 
idle time on tho basis of determination by the determl- 
nation means in order to execute cross conLrot in a next 
print scanning cycle. 

(0030) Other features and advantages of the present 
invention wit) be apparent from tho following description 
taken in conjunction with Lhe accompanying drawings, 
In which tike reference characters designate the same 
or simitar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031 ] T he accompanying drawings, wntch are incor- 
porated in and constitute a part of the specification, il* 
lustratc embodiments of the invention and, together with 
the description, serve lo explain the principles of Hie in- 
vention. 

Figs. 1 A to 1C ore timing charts for explaining ideal 
operation In printing control of tho prosont invention; 
Fig. 2 is a perspective view showing tho overall ar- 
rangement of h aertat inkjet prinier: 
Fig. 3 Is a block diagram for explaining me control 
arrangement of the printer; 
Fig. A Is a block diagram for explaining the detailed 
arrangement of a printer contrail or; 
Fig. 5 is a schematic view for explaining the position 
control system of a general DC motor so as to ex- 
plain a method for position servo; 
Fig. 6 is a schematic view for explaining tho speed 
control system of a general DC motor so as to ex- 
plain a method for speed sorvo; 
Hg. 7 is a toning chart for explaining the inltuence 
ot disturbance and actual control tn detail; 



[0032] Preferred embodiments of the present Inven- 
tion will now be described in detail in accordance with 
4° the accompanying drawings. 

<First Gmbodimcm> 

[0033] In this embodiment, a serial InkJet printer hav- 
45 ing a prinihoad with a detachable ink tank wfK be exem- 
plified. A naae therein a line feed motor is employed, 
and in carriage motor control, cross control of the 
present invention is applied will be described. 
(0O34] "Cross control" means control In which main 
so scanning driving of a carriage with a print head and sub- 
scanning driving in conveying a printing medium are co- 
operative^ overlapped. 

[0035] Fig. 2 Is a perspective view showing the overall 
arrangement of the serial inkjet printer. Referring to Rg. 
55 2, a pnnthoad 101 has an ink tank. The printhead 101 
is mounted on a carriage 102. A guide shaft 1 03 is in- 
serted to the bearing portion of lhe carriage 102 so as 
to be stidable m the mam scanning direction. The two 
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endc of the shaft arc fixed to a chassis T14. A driving 
motor 105 sorving as a carriage driving means transmits 
drtvihg power through a bell 104 serving as e carriage 
driva transmission means engaged with fhe carriage 
102 so rhnttha carriage 1 ft? can move In tha main scan- 
ning direction. 

[003GJ in a printing standby state, priming paper 
shoots 1 1 5 are stacked on a feed base 1 06. At the start 
ol printing, a printing paper shoot ts fed by a feed roller 
(not shown). To convey the fed printing paper sheet, a 
convey roller is rotated by the driving force of a paper 
convoy motor (1 07), I.e., a DC motor through a gear train 
(motor gear 1 08 and convey rotter near 1 09) serving as 
a transmission moans. The printing paper shoot 115 Is 
convoyed by an appropriate rood amount by a convey 
roller 110 and pinch rollers 111 that are pressed by the 
convey roller 110 and makes roiiow-up rotation. Tne 
convoy amount Is manager Dy detecting ana counting, 
with an encoder sensor 117, slits of a code wheel (fotaty 
encoder film 116) pressed and fitted into the convey roll- 
er gear 109. Hence, accurate feeding is possible. 
(0037) Fig. 3 is a block diagram for explaining the con- 
trol arrangement of ihe printer shown In Fig. 2. 
£0038) Referring to Fig. 3, reference numeral 401 de- 
notes a CPU for controlling the printer of the primer ap- 
paratus. The CPU 401 controls printing processing us- 
ing a printer control program stored in a ROM 402 or 
printer emulation and print fonts, 
[0039] A RAM 403 stores resterized data for printing 
or received data from a host. Reference numeral 404 
denotes a printer head; and 405, a motor driver, A printer 
controller 406 controls access lo the RAM 403, ex- 
changes data with the host apparatus, and sonds a com 
trol signal to the motor driver. A temperature sensor 407 
formed from a thermistor or the like detects the temper- 
ature of tho printer apparatus. 
[0040] The CPU 40i roads our hem the I/O data reg- 
ister in the printer con trailer 408 information such as an 
emulation comrrwnd sent from the host apparatus lo the 
prima appelates and wites/ieade control correspond- 
ing to the command in/from the I/O register and I/O port 
in the printer controller 408 r while mechanically and 
olcotrtcally controlling the main body in accordance with 
the control program in the ROM 402 . 
[0041] Fig. 4 la a block diagram for explaining the de- 
tailed arrangement of rha printer controller 40ft shown 
in Fig. 3. The samo reference numerals as in Fig. 3 de- 
note the same parts in Fig. 4. 

[0042) Referring to Fig. 4, an I/O register 501 ex- 
changes data with the host at the command level. A re- 
ception buffer controller 502 directly writes received da- 
ta from the register in The RAM 403. 
(0043] in printing, a printing buffer controller 503 
roads out print data from the print data buffer of the RAM 
and sends tho data to the printer head 404. A memory 
controller 504 controls three-directional memory access 
with respect to the RAM 403. A printing sequence con- 
trol lor bob controls a printing sequence. A host interf aco 



231 communicates with the hoot. 
[0044] Fig. 5 is a fcrtock diagram showing a control pro- 
cedure (600O) go as to explain ihe position control sys- 
tem of a general no motor, in this ernhorflmem . position 
s servo is used in the acceleration control region, const* nr 
speed control region, and decoloration control region. 
Such DC motor control is dono by a method caBed PlD 
control or classic control. The procedure wilt be de- 
scribed below. 

to [0045] A target position to be given to a control object 
is given by an Ideal position profile 6001 . In thfe embod- 
iment, the target position corresponds to an absolute po- 
sition at which a paper sheet conveyed by the line feed 
motor should arrive at given time. This position informa- 

*s tion changes as the time elapses. Whan tracking control 
is executed for the ideal position profile, drive control ol 
mis embodiment is done. 

[0046] The apparatus has an encoder sensor 6005 to 
detect the physical rotation of the motor. An encoder po- 

so sjtloa information conversion means 6009 obtains ab- 
solute position information by cumulatively adding the 
number of slits detected by the encoder sensor. An en- 
coder speed In for ma lion conversion means 6006 calcu- 
lates the current driving speed of the line feed motor 

25 from the signal from the encoder sensor 6005 and a 
clock (timer) incorporated in tho printer 
(0047) A numerical Value obtained by subtracting the 
actual physical position obtained by the position ^for- 
mation conversion means 6009 from tho Ideal position 

30 prob'lo 6001 is transferred lo feedback processing ot po- 
sition servo from a circuit 6002. Tho circuit 6002 is the 
major loop of position servo. Generally, a means for ex- 
ecuting calculation rolatod to a proportional term P is 
known. 

as [0048] As an arithmetic result of the circuit 6002, a 
speed command value is output. This speed command 
value is transferred to foedoack processing or speed 
servo Irom a circuit 6003. As the minor loop or speed 
servo, a means for executing PID arithmetic operation 

'« fcw theyropoitlotialtejnrP, intyg»aMertnl,rt»iU(Jerivath/e 
term D is generally used. 

[0049] In this embodiment, to improve the folJowabillty 
when the speed command value has nonllnoariy 
changed and also to prevont any influence of derivative 
45 operation In tracking control, a method generally c«Dod 
D-PI is eh own. The encoder speed information obtained 
by the encoder speed Information conversion moans 

6006 is passed through a derivative operation circuit 

6007 before calculating the difference between K and 
00 the speed command value obtained by Ihe circuit 6002. 

This method Itself is Irrelevant to the present invention. 
Derivative operation by tho circuit 6003 sometimes suf- 
fices depending on the characteristics of the system to 
be controlled. 

55 [0050] In the miner loop of speed servo, a numerical 
value obtained by subtracting encoder speed inform a- 
non from tne speed command value is transferred to the 
PI arithmetic circuit «003 as a speed error that ffi short 
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of Jhe largel epeed. An energy to be* opplied to the DC 
motor at that time Is calculated by ft method called PI 
arithmetic operation . Upon l eceivfog th e energy, the mo- 
tor driver circuit changes the duty of the applied voltage 
using, e.g., a moans (to be referred to as *PWM (Pulse 
Width Modulation) control" hereinafter) for changing the 
pulse width of tho oppliod voltage wh flo keeping 1hc mo- 
tor applied voltage unchangod. With this operation, the 
current value is adjusted, and the energy to be applied 
to a DC motor 6004 fe adjusted, thereby controlling the 



[0051] The DC motor which rotates upon receiving the 
current value physically rotates while being influenced 
by Iho disturbance of a DC motor 8008. The output of 
the DC motor is detected by the encoder sensor 6005. 
[0052] Fig. 6 Is a block diagram for explaining r con- 
trol procedure (/OUO) in speed servo ot tho general DC 
motor, in this embodiment, speed serve is used <n the 
positioning com rot region. The DC motor is controlled 
by a method called PID control or classic conliol. The 
procedure will be described below. 
[0053} A target speed to bo given to a control object 
Is given by on Ideal speed profile 7001 . In this cmbodl 
mcnt, the target opced oorrcoponde to an tdcol op cod 
at which a paper sheet should be conveyed by the line 
feed motor at given time. The larget speed corresponds 
lo a apaad command value* »1 the givttn time. This speed 
information changes as the time elapses. When tracking 
control is executed for the ideal speed pr ofile, drive con- 
trol of this embodbnent Is dene. 
[0054] in speed servo, a means for executing PID 
arithmetic operation for the proportional term P, integral 
term I, and dorivalive term D is generally used, in this 
embodiment, to Improve the followablilty when the 
speed command value has noniinoarfy changed and al- 
so to prevent any influence of derivative operation in 
tracking control, a method generally called D-PI is 
shown. The encoder speed Information obtained 0y the 
encoder speed Information conversion means 6006 is 
passed through a derivative operation means 7003 bo- 
fere calculating tho difference between it and the speed 
command value obtained by the circuit 7001 .This meth- 
od itself is irrelevant to the present invention. Derivative 
operation by « oircuil 7002 sometimes suffices depend- 
ing on the characteristics of the system to be eontroried. 
[0055] In spood servo, a numerical value obtained by 
subtracting encoder speed information from the speed 
command value is transferred to the PI arithmetic circuit 
7002 as a speed error that is short of the target speed. 
An energy lo be applied to the DC motor at that time is 
calculated by a method called PI arithmetic operation. 
Upon receiving tho energy, tho motor driver circuit 
changes the duty of the applied voltage using, e.g., 
PWM control. With this operation, the current value Is 
adjusted, and the energy to be applied to the DC motor 
6004 is adjusted, thereby controlling the speed. 
[0056] Tho DC motor which rotates upon receiving the 
current value physically rotates while being influenced 



by tho dislurbynqo of tho OC motor 6008. The output of 
the DC motor is detected by the encoder sensor 6005. 
[0057] Figs. 7, 8, and 9 explain In detail the influence 
of disturbance and actual control m sub-scanning dlrec- 
5 tion control of this ombodimcnt. Tho abscissa repre- 
sents tho time. An ordinate 2001 represents the speed, 
and an ordinate 2002 represents tho position. 
[0058] Fig. 7 shows a case wherein a speed v. slop 
immediately before stop ends at an average and ideal 
fo value VLAPPROAGH. Fig. 8 shows a case wherein 
^approach < T_APPROACH, i.e., the speed v_stop in> 
mediately boloro stop ends before the expected time. 
Ftg. 9 shows a case wherein t_approach > 
T APPROACH, i.e., the speed v stop immediately bo- 
's fere stop ends after the expected time. 

[005$) Reference numeral 8001 denotes an ideal po- 
sition profile; and U0U4, an ideal speed profile. Tho idoal 
position profile 8001 is formed from four control regions: 
an acceleration control region 2011, constant speed 

20 control region 2012, deceleration control region 2013, 
and positioning control region 2014. 
[0060] in tho ideal speed profile 20O4, V_STAnT de- 
notes on Initial speed; V,. FLAT, a speed In tho constant 
epeed control region 2012; V.^APPROACH, ti epoed in 

25 th C positioning control region; and V. PROMISE, a nigh- 
osl spood value of the speed immediately before stop, 
which must always be kept to Achieve 1he positioning 
accuracy performance. The speed v^stop immediately 
before stop ts an actual value that changes to any value 

so due to disturbance when actual driving is assumed, in 
consideration of a speed variation in actual driving, the 
value VjApp ROACH must bo set sufficient small such 
thai Ihe value v. slop decs not exceed the value 
V. ..PROMISE for any variation In speed. 

55 [0061] in this embodiment, position servo is employed 
in the acceleration control region 2011 , constant speed 
Control region 2012, and deceleration control region 
2013. Speed servo Is employed tn the positioning con- 
trol region 2014. The cuive 8001 shown In Figs. 7, 8, 

<to and 9 represents the Ideal position profile in position ser- 
vo. Tho curve 2004 shown in Ffgs. 7, 6, and 9 represents 
lh« ideal spood profile in speed servo and ihe required 
speed profile obtained for follow-up operation to the Ide- 
al portion profile in position eervo. 

44 [0062] The ideal position profile 8001 Is set In the re- 
gions 2011, 2012, and 2013 for position servo, though 
ft calculated only until S.^APPROACH. This * be- 
cause the ideal position profile is unnecessary from 
S..APP ROACH because control Is switched to speed 

60 servo from S_APPROACH. A tin» T_0EC required for 
docoioration in the ideal position profilo 8001 Is constant 
independently of actual driving. A control region corre- 
sponding to the lime T._DEC Is Indicated by an Ideal de- 
celeration control region 9001 . 

as [0063] Reference numerals 8003 f 0003, and 10003 
denote actual position profiles in the situations of distur- 
bance influence shown in Figs, 7, B, and 9. In position 
servo, since a delay always occurs, the actual position 
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profiles 0003, 9003. and 1 0003 have delays with respect 
to the ideal position profile 8001 . Hence, even when Iho 
idea) position profile 8001 is ondeO, Ihe actual position 
does not reach S_APPROACH In gene ml. In this em- 
bodiment, ft virtual Ideal position profile 8006 1& used as 
the commanded position value to position sorvo after 
the ideal posit ton profile AO01 Is ended until actual driv- 
ing reaches S...APPROA GH. The virtual idee I position 
profile 8008 is indicated by a straight line extended from 
the end or the ideal position profile using the final gra- 
dient of the Ideal position profile 8001 . 
[0064J Reference numerate 6005. 9005, and 10005 
mean actual driving speed profiles of the physical motor. 
Using the Weal position profile 5001 as an input food- 
bade control is executed to mako the speed closer to the 
ideal speed oven with a slight delay from trie ideal speed 
profile as the positioning control region 2014 comes 
close to the end, thereby settling tho final speed immc 
<satefy before stop to tne epeed v_APPROACH at which 
The positioning accuracy performance can bo achieved. 
Note that tho shift from tho deceleration control region 
2013 to the positioning control region 2014 is done at 
the moment when the speed Me reached 
S_APPROACH Independently of the physical driving 
speed stale. 

[0065] S„DEC represents a position fit which the con* 
slanl spend control region 2012 is ended and the decel- 
eration control region 201 3 fil arts. Since S_DEO is a val- 
ue determined by the ideal position profile 8001 . it has 
nothing to do wfth the influence of disturbance in actual 
driving. 

EQ066] S^APPROACH represents a position at which 
the deceleration control region 2013 is ended and the 
positioning control region 2014 starts. S..STOP repre- 
sents a slop position. 

[00671 T_ADD is a time required for the acceleration 
control region 2011 , T._OEC is a time required for decel- 
eration control region 2013. T_FLAT Is a time required 
for the constant speed control region 2012. The lime 
T...FLAT has a fixed value determined when tho stop po- 
sition S_STOP wlH*n thu driving si an position is defined 
as 0 Is set, J.o., when tho Ideal position profile 8001 that 
satisfies tho total driving distance is set. T„APPROACH 
io a time required forthe positionrngconlrol region 201 4, 
T^PPROACH fe a timo required tor the objoct to be 
drive-controlled to move by a distance S APR. STOP 
from the position S_. APPROACH at which tho position- 
ing control region 2014 starts to the stop position 
S..STOP in actual movement. F*g. 7 shows a case 
wherein the object to be drive-controlled has almost ide- 
ally moved through ihe positioning region. In actual con- 
trol, the ideal physical operation is generally very diffi- 
cult. 

[0068] For high-speed accurate positioning, the curve 
of tho ideal position profile 8001 must be tuned in ac- 
cordance with the system. More spectilcalty, the Ideal 
position profile 6001 Is preferably set such thai the 
speed in the constant speed control region 2012 be- 



comes as high es possible lo imprevo the positioning 
required lime performance eo f ar as the system perform- 
ance permits, the speed in the positioning control region 
2014 becomes as low as possible to Improve the posh 
3 Honing accuracy port ormanco so far as tho system per- 
formance permits, and tho lengths of the acceleration 
control region 2011, decoloration control region 2013, 
and positioning coniror regfon 201 4 become as short as 
possible to Improve the positioning required time per- 

fo formance so far as the system performance permits. 
However, a more detailed tuning method is irrelevant to 
the present invention. Here, a description will bo made 
assuming that iho idoal position profile 8001 has already 
been optimized. 

1$ [0069] A value ^.approach Is the actual variable value 
of the time required for the positioning control region 
as the actual value that changes to any value duo 
to disturbance when actual driving is assumed (In ihis 
embodiment, a constant value ts Indicated by uppor- 

20 case loiters, and a variable value is Indicated by lower- 
case letters. When values wHh the same spelling are 
represented by both upper* and lower<*so tenor*, the 
value Indfcnrod by upper case letters represents an Wo 
nl oonctant value, and the value Indicated by tower caso 
letters represents a variable value that can change lor 
the value with the same content). 
[0070] Reference numerals 3005 urwi 10005 mean 
the actual driving spood profiles of the physical motor. 
From a broader viewpoint, they indicate acceleration/ 

jo deceleration profiles like the ideal driving actual speed 
profile 6006. However, because of disturbance, at the 
start of the positioning control region 201 4, tho speed is 
high in the profile 9005 and low in Iho profile 10005. 
[0071] Due to this Influence, the average speed in the 

33 positioning control region 201 4 becomes high in tho pro- 
file 9005. As a result, tho time actually required to puss 
through the positioning control region 2014 is shorter 
than 7„ APPROACH, and the time required for control 
is shortened. 

40 [0072] In addiUDn, tho average speed in tho position- 
ing control region 2014 becomes low in the prof i to 
10005. As a result, Iho time actually required lo pass 
through the positioning control region 2014 is longer 
than T .APPROACH, and the time required for control 

45 Is prolonged. 

[0073] Fig. 1 0 is a hew chart for explaining tho flow of 
driving processing ol this embodiment. Fig. 11 i* a timing 
chart related to each processing described In Fig. 1 0. 
[0074] In step S1 1 01 1 , the system is powered on. In 

*0 step S1 1007. it Is determined whether a drive Instruction 
Is received. Whon a drive instruction is received 
(S11007-YES), i.o., a drtvo instruction is issued in the 
printer system, the processing advances to step 

S11001. 

55 [0075] When drive control processing starts In step 

511001, drive control preparation Is done in step 

511002. Preparation processing in stop S110O2 is gen- 
erally described in tho motor control task. In this 
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processing, h t«bte appropriate to the drive purpose is 
selected, T.FIAT that matches the drive amount te set, 
and a reflection means which r eflects a result of an eval- 
uation means on the {deaf speed profile to be used for 
tho next driving as tho gist of tho present invention and 
various work regions are set. Finally, a timer which con- 
trols timer interrupt processing is activated, and tho 
preparation is ended. 

[0076] When the timer is activated in step S11 002, the 
flow advances to actual driving processing (S 11 003). 
Step S11003 is processing thai Is generally described 
in timer interrupt processing. For example, an interrupt 
is executed every msec to road the value of the encoder, 
calculate by PlD arithmetic operation Dr Iho liKo tno cur- 
rem value to be output, and output the value to the mo- 
tor. 

10077] In parallel to the processing In stop St 1 003, it 
is monitored in tho system whether the position has ar- 
rived at tho stop position s_STOP. When the arrival Is 
detected, an amvui detection means 11 004 to the drive 
target position operates to generate an interrupt. The 
processing advances to a drivo control end moans 
11005. 

£0078] In step S1 1 005, after the output to the motor is 
quickly disabled, tho timer is stopped, and tho process- 
ing Is ended. 

[0079] Referring tn Fig. 1 1 , r aferenna numeral 1 ?00 1 
denotes a state of the motor drive task in stops S1 1 002 
and S11005 in Fig. 10; 12002. a stato of the timer inter- 
rupt processing In step S11 003; and 12003. a state of a 
position Interrupt in step S11004, 
[0000] With the above processing operations, one 
driving processing cycto reaches drivo control ond in 
Step S11006. 

[00$1] Fig. 12 i& a timing chart showing timing man- 
agement when the above-described general driving 
processing flow is applied to sub-scanning (LF) and 
main scanning (CR). 

[0082] Referring to Fig. 1 2, reference numeral 1 1 012 
denotes a sub-scannfrg drive control preparation sig- 
nal; and 1 1 022, a main scanning drivo control prepara- 
tion signal. Both signals execute the same processing 
as in 11002 (Fig. 11) in the general driving processing 
for the molore to bo driven. 

[0083] Reference numeral 11013 denotes a signal 
used to ox ecu to sub-scanning actual driving process- 
ing; and 11023, a signal used to oxecuto main scanning 
actual driving processing. Beth signals execute the 
same processing as in 11003 (Fig. 11) In the general 
driving processing for the motors to be driven. 
[0Q84J Reference numeral 11014 denotes an arrival 
detection signal to the drivo target position rn sub-scan- 
ning. This signal executes, in sub-scanning, the same 
processing as in 11004 (Rg. 11) In the general driving 
processing. Reference numeral 11015 denotes a drive 
control end signal in sub -scanning. This signal exe- 
cutes, in sub-scanning, tho same processing as in 
11005 (Fig. 11) in the general driving processing. 



[0085} Relorenca numeral 12011 denotes a motor 
control task elate related to sub-scanning; and 12031, 
a motor control task slate rotated to main scanning. 
They describe the same contents as in 12001 (Fig. 11) 
3 in the flonoral driving processing for sub-scanning and 
main scanning, respectively. 

[0086] Reference numeral 12012 den otos an IF timer 
interrupt processing state: and 12032, a CR timer inter- 
rupt processing state. They describotho same contents 
to as in 12002 (Fig. 11) In the general driving processing 
for sub-scanning and main scanning, respectively, 
[0087] Reference numeral 1 2033 denotes an ink dis- 
charge processing state and Indicates that discharge Is 
being oxecutcd, i.e., printing Is being executed in a re- 
's glon 12034. 

[0088] To realize cross printing control, alter the start 
of sub-scanning driving, when t cross. start has 
olapsed, main scanning (Ctt) motor driving start com- 
mand event 12021 is issued by a sub-scanning (IF) ac* 
20 tuai driving means for controlling the sub-scanning (LF) 
actual driving signal 11013. Upon receiving the event, 
too drive control preparation menne activate© the m«in 
scanning driving motor drive control signal 110^. When 
the thuo aotivatcd main scanning motor has reached tho 
as printing start position, printing is executed In the region 
12034. Referring to Fig. 12, since sub-scanning has al- 
reedy heen stopped by the signal 11014m] thai lime, no 
skew printing occurs. In addition, since the ink discharge 
processing signal 12034 is activnted immediately after 
30 the signal 11 01 4, no wasteful processing time is present 
at ail. 

[0089] As ts apparent from the above description . set- 
ting tho optimum limo t_cross_start is important in in* 
creasing the cross control efficiency. To set the optimum 

35 time t_cross_etart, trte actual time required for driving in 
the sub-scanning direction must be known. In Fig. 12, 
this timo uniquely corresponds to an actual time 
ULailow from the end el the Ideal decetereiton control 
region SOOf to the stop. This is because the time from 

to the start of driving to the end of tho Ideal deceleration 
control region 9001 is given by a fixed value, and a var- 
iation in settling lime by actual driving is represented on- 
ly by the lime t,.lf..«How. 

[0090] Figs. 13A and 13B nro flow charlo showing 
•** processing as the gl&i of this embodiment in detail- Figs. 
14A, 14B, 15A, 15B, 16A, end 1QB are timing charts di- 
rectly showing Iho processing shown in tho flow charts 
of Figs. 13Aand13B. 

[0091] Referring to Figs. 14A, 14B. 15A. 1S8. 16A. 

£0 and 1 6B, the abscissa represents the time, and tho or- 
dinate represent the speeds of the motors. Figs. 14A, 
1 5A, and 1 6 A show the processing rotated to sub*scan- 
ning. Figs, 14B, 1SB, and 16fishow the processing re- 
lated to the main scanning direction. 

55 [0092] A time UUIal la a paper feeding time that 
changes depending on the print data. The time ULflat 
has a variable value. Note that the time U* .flat has a 
variable value that changes only depending on the tog* 
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ioal request (since Ihe feed amount changes lo any val- 
ue depending on tho print data) of printing processing 
independently of disturbance, unlike iho lima (JU*IIow 
described above has a variable value that changes due 
to disturbance. 

[0093] A timoT_CR .ADO is alimo required for aocel* 
oration in the majn scanning direction, in trtte embodi- 
menl. a description win bo made assuming a case 
wherein the acceleration performance in the main scan- 
ning direction Is stable, and the value T_CR,_ADD can 
be handled as a constant. 

[0094] A time t_cr_tfat is a time from tho ond of accel- 
eration in the main scanning direction to the activation 
of ink discharge processing. Tho lime t_cr_flat is deter- 
mined on tho basis of the left and right ends of print data, 
the printing direction, and the current position ol the car- 
riage. The time t^crjiat freely changes depending on 
tho combination of tho values. A calculation method 
thorofor Is known, and a description thoroof will be omit- 
ted. 

[0095J A time T_LF,_AP P ROACH is a time from the 
end of doeolorfrtiOH <° the stop, which is supposed in the 
Idonl state. 

[0096] T„ CROSS^MARGIN b a margin value used in 
each calculation to bo described below. As a character- 
istic feature of 1he present invention, a settling time that 
would emerge for control in Ihe future is estimated using 
the history of settling times recorded for control In the 
past, However, DC motor contra! is dynamic. The set- 
ting limes recorded for control In th e past do not p remise 
all situations that would lake place In the future. To more 
safoly estimate control of me dynamically ehan glng ob- 
ject to bo controlled, tho history in tho past must bo sum- 
marteed, and a margin must be taken into consideration 
in advance as the maximum change amount expected 
in the system to be controlled. T_CROSS_MARGtN 
means that margin. 

[0097] Flga. 14A and 14B show a case wherein 
T..CROSS PERFECT Is dominant as a direct value that 
determines tho depth of cross. T_CROSS_P£nFECT 
is a constant for determining the time that determines 
the deepest cross value. The sum of T CROSS. .PER- 
FECT and T^CROSS^MARGIN corresponds to tho 
deepesl degree of cross that io allowable in the oyclcm 
te be controlled. That Is, avsn In ihe deepest cress, ac- 
tivation of ink discharge processing is not permitted after 
the ond of the ideal deceleration control region boforo 
(T_CROSS_P£RFECT + T^CROSS^MARGIN) has 
elapsed. T CROSS PERFECT is a valuo that guaran- 
tees the timing management. 
[0098] In a completely Weal system, T.CROSS.. 
MARGIN can be 0, and T_CROSS_PERFECT can 
equal T,LF_. APPROACH. 

[0099] This takes thought for a risk that if sub-scan- 
ning driving stops in a time shorter than 
T...LF..APPROACH, find the next cross control is exe- 
cutod on tho basis of that short time, skew printing may 
occur. This is bocauso so long as control & executed by 



selling T..LF APPROACH as the ideal time from the 
end ot doceleration to tho clop, even If cub scanning 
driving clops In a time shorter than T..LF. .APPROACH, 
it Is risky to execute the next driving cycle on the basis 
5 of the short time. The first object of ihe present Invention 
is to completely avoid the rlslc of skew printing. The sec- 
ond object of the present invertllon is to make cross con- 
trol as deep as possible while avoiding any skew print- 
ing. Sotting T__CR05S_PERFECT guarantees achlev- 

io ing the first object. 

[0100] Figs, 16A and 16B show a case wherein 
T_CROSS_ENABLE Is dominant as a direct value ihal 
determines the depth of cross. 
[Oioij T_cftOSS_ENABLE is h constant time value 

*5 which is set in consideration of ihe longest sub-scanning 
sellJing time supposed In tho normal system slate. 
When driving that will not stop even alter the end ot tho 
idonl deceleration control regie ri and the elapse ol 
T.CROSS ENABLE detected, H is determined that the 

x> sub-scanning driving Is abnormal Processing te execut- 
ed, white supposing that operation that tho estimate 
processing of the present invention cannot cope with is 
being performed. That Is. the hietery in the past cannot 
serve ns the beso of driving in the future. In such a ail- 

?* uation, evon shallow cress control may cause skew 
printing, Hence, cross control Is inhibited. 
[0102] Figs. IRA wnd 1SB show a caso whorein 
t Jf_. allow .max Is dominant as h direct value t hat deter- 
mines the depth of cross. 

so [0103) The value t If allow max represents the long- 
est required lime from the end of tho ideal deceleration 
control region to the etop, which Is derived from the his- 
tory in tho past. *f the hfetary in the past completely guar- 
antees driving In tho future, tho depth of cross can be 

35 determined by this value. However, to consideration of 
the dynamic DC motor control, the depth of cross control 
to be executed next is determined by a numerical value 
obtained by adding T_CROSS_MARGlN to the value. 
£0104] Detailed processing for realizing Die above op* 

'to orations will be described with reference to Figs. 13A 
and 13B. 

[0105] When the apparatus Is powered en In step 
S 13001 , the region la initialized in step S13002. 
[0108] In I his caee. mem. _t.ff .. allow [NJ Indicates e 
•** storage region that elores t_lf_Hltow recorded in N driv- 
ing cycles In the past. In step S13002, Initial values 
T^LF„ALLOW._INlT0 to T..LF...AUOWJNITN are 
stored in this storage region. 

[0107] It is checked in step Si 3003 whether a print 
no (driving both LF and CR) instruction is received. If YES 
(n step S13003. the flow advances lo step S13005. 
Printing processing using cross control and recording of 
ULatlow detected at the timo of sub-scanning driving 
are executed. 

55 [0108] It NO in step S 1 3003, the flow advances to step 
S1 3004 to check whether a paper feed (only LF) instruc- 
tion is rocolved. If YES In step S1 3004. Ihe flow advanc- 
es to step Si 3011 to inhibit unnecessary cross control, 
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execute cub- scanning driving, and record t_ lf_ allow da 
tooted in sub-scanning driving. 

[0109] OcUuls of processing from stop SI 3005 wfll bo 
described next 

[0110] In filep Siannfi, LciJW Im calculated on Iho 
basis of the left and rtght ends of print dftra, the priming 
direction, and The current carr lags position. The flow ad- 
vances to step S1 3006 to extract the maximum vaiue In 
the region rnom_tJf_al|ow [N} and substituted into 
ULaltaLrtuuc. 

[0111] In stop S13007, ULaHow_max and 
T_C ROSS ..ENABLE are compared. If the former is larg- 
er, the flow advances to step S1 3011 to set croas^sw * 
PISABL E to inhibit cross control. Otherwise, the flow ad- 
vances to stop S13C0B to set cros$_sw = ENABLE to 
enable cross control. Then, the flow advances to stop 
S 13009. 

£01121 m step S13009. t.if allow max and 
T_CROSS.. PERFECT tire compared. If the former Is 
target, the flow advance to slep S 1301? to exwcule cal- 
culation for determining t_cross_start on tho basis of 
UU*llow_max. Then, the flow advances to step 
£11012. Otherwise, the ftow advances to step S13010 
to execute calculation for determining l_cros&_^tart on 
the basis of T_CROSS_PERFeCT. Then, 1he flow ad- 
vances to stop S1 101 2. 

[OH 3] In work region sotting processing in step 
S13013, various setting operations such as feedback 
control gain sotting necessary for sub-scanning driving 
are performed. Trie timer is activated in stop S13G14. 
Steps S 13013 and S 1301 4 correspond to tho signal 
11012 (Fig. 1 2) described above. 
[0114] Stop SI 301 5 Indicates processing executed 
by tho signal 11013 In Fig, 12. Only when cross_sw » 
E NABLE. a driving start command event is issued to tho 
CR motof control Task at the moment when t. .cross start 
has oiapsod after activation oi the rimer. 
[0115] steps S1301 y to Si 301 9 indicate processing 
corresponding to the drive control end 11015 in Fig. 12. 
[0116] (n step S13017, the driving start command 
event Is issued to the CR motor control task. Only when 
no driving start command event is Issued because 
cross., ew « DISABLE in stop SI 301 5, tho main scan- 
ning motor starts driving in stop SI 301 7. 
[0117] In steps & 1301 8 and S 1301 9, information In 
th* region merp_f_rf_allaw (Nj j* shjftaci by onn. The old- 
est information Is discarded, and instead, the latest val- 
ue is stored. 

[0116] With the abovc»doscribed processing, the op- 
erations shown in Figs. 14 A, 14B, ISA, 15B, 16 A, and 
16B are realized. 

[0119] A supplementary explanation will be made 
about moaning of sotting of the initial values 
T^LF_ALLOW_INIT0 to T_LF_AULO W_l JM ITN in the 
above-described processing, 

[0120] When these settings have appropriate vati/cs, 
the value ot cross after power-on can be flexibly sot. For 
example, for mass-produced products wrth a large var- 



iation, the InlUal values are set in advenee to be relative- 
ly large, thereby reliably avoiding any risk of skew print- 
ing Immediately after power-on. Then, t_!f_a!low for 
each system is stored in tho roglon mem w t.,.lf_allow [Nj. 
* With this processing, the potential of each system can 
be brought oul at maximum while avoiding any skew 
printing. 

[0121] Alternatively, when only tho first numerical val- 
ue of the initial values T^LF^ALLOW.JNITO to 
10 T_LF_ALLOW_INITN Is set to be relatively large, only 
the margin for avoiding the risk of skew printtng tor scan- 
ning Immediately after power-on 1$ increased. After that, 
the actual value t_lf_allow suitable of each system Is 
made dominant. With this processing, tuning can be ox- 
's ecured euch that the potential of each system can bo 
brought out as quickly as possible. 

<second Embodiment 



20 [0122J The hi rHnjjernonl of this embodiment is the 
same ws that of tho apparatus of the first embodiment 
except the processing In F|g$. 13A and 138 in the ap- 
paratus described In the first embodiment, and a de- 
eeriplion thereof will bo omiltcd. 

2s [0l23j The purpose of this embodiment is to identity 
operation that should not be subjected to cross control 
en the basis of the difference In servo procaHSIng and 
to inhibit cross control for such operation. 
[0124] As already described with reference io F*g, 7, 

so in general sub-scanning driving, position servo shown 
in Fig. 5 is employed for an acceleration controt region 

2011, constant speed centre I region 2012. and deceler- 
ation control region 201 3, and speed servo shown in Fig 
a Is employed for a positioning control region 2014. 

39 £01 25] However, in sub -scanning driving with a small 
er feed amount, tt Is difficult to ensure the regions 2011 

2012, and 2013 in mo small feed amount. In this case, 
the whole region from the start to the end of driving Is 
controlled by speed servo shown In Fig. 6. In speed ser- 

*o vo, feedback control Ss executed to attain an Ideal speed 
at given time. For thts reason, the degree of delay of the 
position at each time is accumulated wfthoul being fed 
back. Hence, the time Of arrival at a given position can- 
net be guaranteed. That is, the settling time m expected 

*tf to Jargaiy vary. 

[0126] in this embodiment, in consideration of this 
problem, a means for inhibiting cross control in sub- 
scanning driving using only speed servo is provided. 
[0127] Figs. 17A and 17B are flow charts showing 

so processing as the gist of This embodiment In detail. 
Processing operations having tho same contents as 
those described with reference lo Figs. 1 3A and 1 3B am 
Indicated by the same step numbers as in Figs. 1 3A and 
13B. 

h [0128] When the apparatus is powered on In step 
Si 3001, tho rogion is initialised In step SI 7002. 
[0129] TABLE, COUNT indicates tho total number of 
sub-scanning (LF) tables hold by the apparatus to be 



10 



PACE 59/86 4 RCVD AT 3/2/2006 3:37:40 AM [Eastern Standard Time] 1 SVR:USPT0^FXRF-1/8 ' DNi$:2738300 * CSD>:1703997451 7 ■ DURATION (mm-ss):30-22 



To: USPTO Page 60 of 86 



2006-03-02 08:31:39 (GMT) 



17039974517 From: BINCHI CHANG 



10 EP 1 250 

controlled. Hero, mem_t_lf.. allow FABLE. CO UNTI[N] 
Indicates n storage region that stores t_Ff..ailow record- 
cd In N driving oyclec In the pael for each table. 
[0130J In stop S17002, initial values T_LF_ALLOW_ 
IMJT0. 0 lo T_t,P.ALUOW.JNIT_TABl.^COUNfT_N 3 
are stored In thl* slomge renlen. 
[0131] It is checked in step S13003 whether a print 
(driving bcLh LF and CR) Instruction is received. It YES 
In step S 13003, the flow Advances to stop S 17001 to 
determine a tabic to bo used, on the basis or conditions 10 
such as the food amount and printing mode, and store 
the number of table in a variable table ..number. 
(0132] it is determined in step Si 70Q4 whether the ta- 
ble indexed by lable number Is driven only by speed 
servo. It YES in step S1 7004, the flow advances to stop ts 
S13011 to Inhibit unnecessary cross control. Then, sub- 
scanning driving is executed using the driving (able cor- 
responding to table,, number, and t II allow detected In 
sub-scanning driving is recorded. Otherwise, trie now 
advances to step Si 3005. 

£0133] Fruit) step S 13005, printing processing using 
cross control and recording of t_. If., allow detected at the 
time of sub-scanning driving are executed. 
[01 34] If NO In atep St 3003, the flow advance* lo atop 
S 1 300410 check whether a paper feed (only LF) Instruc- « 
lion is received. If YES in step S1 300*1 > the flow advanc* 
e& to step S17003 to determine a tablo to bo used, on 
the basis of conditions finch as Inn teed amount and 
printing mode, and store the number of table in the var- 
iable tabte...number, so 
[0135] The flow advances to step SI 3011 to inhibit un- 
necessary cross control. Then, sub-scanning driving rs 
executed using the caving table corresponding to table 
number, andtJf_alJow detected In sub-scanning driving 
is recorded. » 
[01 361 Details of processing from step S1 3005 will be 
described next. 

[0137] In step S13005, ucrjlat Is calculated on the 
basis of rho loft and right ends of prim data, the printing 
direction, and the current carriage position. <*o 
[0138] The nuw Hdvwnces to step S17008 to extract 
the maximum vhIuc in rho region mem_.t_lf .allow 
[table. number]|N) and substituted Into tJJ^aJlow^max. 
[0139] In step S13007, 1.. If ..allow, max and 
T_CROSS_EN ABLE ero compared. IF tho former te larg- 
or T the flow advances to step $13011 to set eroaa_sw ^ 
DISABLE to Inhibit cross control. Otherwise, the- flow ad- 
\mnneR to frtep S 1300ft to set cross... sw = ENABLE to 
enable cross control. Then, the flow advances to step 
S13009. 

[0140] in stop S13009, \J\. . allow_max and 
T^CROSS^PERFECT are compared. If the former is 
larger, the flow advances to step S 1 3012 to executo cal- 
culation for determining t_cross_start on the basis or 
t. If_allew. jrva. Then, tho flow advances to step sa 
S 11 012. Otherwise, tho flow advances to step S 13010 
to execute calculation lor determining t_cross_slart on 
the basis of T^CROSS PERFECT. Then, the flow ad- 
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vanees to etep 511012. 

[0141] In work region setting processing in step 
S13013, various setting operations such as feedback 
control gain setting necessary for sub-scanning driving 
are performed. Tho timer is activated in step S13014. 
Steps SI 301 3 and Si 301 4 correspond 10 the Signal 
11012 described above. 

C0142J Step S13015 Indicates processing executed 
by the signal 11013 in Fig. 12. Only when cross^sw - 
ENABLE, a driving start command event Is Issued to the 
CR motor control task at the momontwhon t_cross_start 
has elapsed after activation of the timer. 
[0143] Steps S13017 to S13019 Indicate processing 
corresponding to tho drive control end 11 015 'm Fig. 12. 
R>144] in stop S13017. the driving start oommand 
event is issued to the CR motor control task. Onry when 
no driving start command event is issued because 
croS3_sw a DISABLE in step S13016, the main scan- 
ning motor starts drMrtg in step S 130 17. 
[0145] In steps S 13018 and 513019, information in 
the region mem..tjf .allow [table. number][NJ Is shifted 
by one. Tho oldest, information is discarded, and In- 
stead, the latest value Is stored. 
[0149] With the abovc-dcccrtocd proceeding, oroee 
control can be inhfoited in speed servo with an unstabte 
seltling time, so the r*k of skew printing oan be avoided. 

<Thtrd Embodiment 

[0147] The arranqement of this embodiment is the 
same as that of the apparatus of the first embodiment 
except the processing In Figs. 13A and 130 in the ap- 
paratus described in the first embodiment, and a de- 
scription thereof will be cmftced. 
[01 48] Tho purpose of this embodiment is to calculate 
t_cross_start in consideration of even a variation in ac- 
celeration time T_CH_ADD in main scanning, which is 
neglected in the lirst embodiment. 
[0149] Figs. 18A and 1BB are flow charts showing 
processing as the gist of this embodiment In delaH. 
Processing operations having tho same contents as 
those described with reference lo Figs. 1 3A and 1 SB are 
Indicated by the same step numbers as in Figs. 13A and 
13B. 

[01 SO] Processing operations except steps S18061, 
S18052, S1S012, S18010, S11022. and 518052 to 
SI 8057 are tho same as those in Figs- 13A and 13B. 
and a description thereof will be omitted. 
[0151] SlepS1605l Indicates Initialization processing 
after power-on, and men._t...cr_add [Ml Is a storage re- 
gion which stores an actual acceleration tfrno t_cr_add 
in main scanning, which is recorded in N driving cycles 
in the past. 

[01521 In step S18061, Initial values T..CR..ADD. 
INITO to T_CR_ADD.JNfTM are stored trt this storage 
region. 

[0153] Step S1 8052 indicates processing of extract- 
ing the minimum value from mcn_l_cr_add [m[ which 
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can be designated by rn - 1 to M M"d calculating 
t w cr w add, w rnin . Using t_ .cr. .adcLmln, t_crosa_start is cal- 
culated in step S18012. 

[0154] Steps S18053 and 618054 indicate actual 
processing in slop 811022, though a dcscrtplion \horeof 
has boon omitted in tho first embodiment, The process- 
ing In step S11022 Is activatod by an event Isdriftd In 
step S73015. After that, actual driving processing {n r he 
main scanning diroclion is executed in step S11023, 
though it Is not Illustrated In the flow chart. When the 
processing stops, the flow advances to step S1 8057. In 
step S18057, in main scanning, the end of main scan- 
ning drive control Is controlled, like step si 1 01 5 in which 
the end of sub-scanning drive control js controlled. The 
processing in step St 8054 corresponds to the process* 
ing in sub-scanning in step S13016. 
£0155) In steps S18055 and S18056, information in 
ihe region rnem JLcr_edd [M| is shifted by one. The old- 
est Information fs discarded, and Instead, the latest val- 
ue is stored. 

[0156] With the above-described processing, cross 
control can be realized h consideration of a variation in 
actual accvlei alien lime In main scanning. 

<Fourth Embodiments 

[0167] In this embodiment, control shown in FIG. 19 
is added to tta» processing described in the third cmbod- 
Iment. The arrangement of other pads is the aame us in 
the third embodiment, and a description thereof wiH bo 
omitted. 

10168] Referring to Fig. 19, when tho apparatus is 
powered on In step S 13001, initial values are set in 
mon_t_cr_add [M| in step 1 8051 . 
[0169] Step S19051 indicates processing of detecting 
whether an ink tank exchange instruction Is received. If 
YES in step S10051, ink tank exchange processing is 
executed in step S 19052, and the flow returns to step 
S 18051. 

[01 60] If the load on the carriage is expected to largely 
vary due to a change in ink tank weight, the region 
men._l.CT add [M] can be initialized. Hence, even when 
tho toad on tho carriage largely varies, any inappropriate 
control with reference to the history In the past can be 
prevented, 

[0161] In addition, when a printing medium w con- 
voyed in a lino feed direction by a printing medium con- 
voy mechanism, tho pmseneetebsenee of an object to 
be conveyed and a variation in load of I he object to be 
convoyod may be measured. On the basis of the results, 
the history inf orniarJon of the sub-scanning settling time 
may be in&ialized. 

[0162] With this processing, whan a large load varia- 
tion occurs on the object to be conveyed, any inappro- 
priate control "with reference to the history in the past 
can be prevented. 



^Flfth Embodiment* 

{0163] As Iho characteristic feature of an apperetus 
Of this embodiment, the same arrangement as that of 
s the apparatus described in the first embodiment is em- 
ployed, and a moans for. at the time of power-off , storing 
values in a region mom^tjf^allow [NJ in a nonvolatile 
RAM such as an EEP-ROM and, at the brne of power- 
on , setting tho initial values In the region merru t . If. allow 
io [N] by rewriting the information In the nonvolatile RAM 
instead of step S13002 is prepared. 
[0164] la the apparatus described in the first embod- 
iment, the default Initial values TJ_F_ALLOW_lforT0 to 
T..LF.ALLOWJNITN in Iho region mem J. If. aBow [N] 
15 are re-set every time the apparatus is powered on. Un« 
like this, the region mem,. :,X allow [N] con be continu- 
ously reflected without any influence of power-on/off. 
Hence, optimum cross control can be executed imme- 
(flatery after power-on. 
xo [0165] As has been described above, accoramgtome 
present Invention, in sub -scanning and main scanning 
cross control which is indispensable for a printing appa- 
ratus. I.e., a serial printer with a higher speed, the cross 
between sub-scanning and main scanning can be made 
55 fttdeop as posctblo white avoiding the risk of skew print- 
ing. Hence, the processing speed can be Increased. 
[0160] A? many apparently widely dfferent embody 
ments of the present invention can b* mads wilhout de- 
parting from the spirit and scope thereof, il is to be un- 
30 dorstoDd that the invention Is not limited to the specific 
embodiments thereof except as defined In the append- 
ed claims. 

[01 67] In cross control in sub-scanning (LF) and main 
scanning <CR), to avoid the risk of skew printing and in- 
35 crease the processing speed, a supposed settling time 
in the next sub-scanning cycle Is obtained on tho basis 
of the history information of tho sub-scanning settling 
time el a printing apparatus, and a supposed Idle time 
from the sum oi tne next mam scanning driving cycle to 
<"> the start of printing is obtained on tho basis of tho history 
Information of tho main scanning acceleration tequired 
time. It Is determined using the supposed settling Urnc 
and supposed idle time whether cross conirol in which 
main scanning driving starts before tho end of sub-scan • 
4* nlng drMrtg can bo exeoutod In next print scanning 
proceeding. If It ts possible, the time dfflorenco from the 
start of sub-scarming driving to the start of main scan- 
ning driving la deter mined using the supposed settling 
time and the supposed idle lime. 



Claims 

1 . A printing apparatus characterized by comprising: 

55 

first storage means (107, 403) for recording a 
history of a sub-scannjng seJUtng ume; 
second storage means (1 OS, 403) for recording 
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a history of a main scanning acceleration re- 
quired time; 

supposed settling lime determination means 
(107, 403, 406) for obtaining a supposed set- 
tling lime in a next sub-scanning driving cyete 
on tho basis of the history Information of the 
sub-scanning settling \vt\n afored in said fir fit 
storage meana; 

supposed Idle time dereroiinRtran means 005, 
403, 406) for obtaining a supposed idle lirno 
fmm a next start of main scanning driving to a 
start of printing on the basis of the history infor- 
mation of mo main scanning acceleration re- 
quired tfme stored In said second storage 
means; 

determination moans (406, S13007) for dctcr- 
rrnnin g using the supposed settling time and the 
supposed idle time whether cross control In 
which main scanning driving starts betore an 
end or sub-scanning driving can be executed in 
next prim scanning processing; and 
lime difference do terminal Ion means (406, 
31 3012) for determining a time difference from 
a start ot sub-ficenrt»ng driving to tho start of 
main scanning chiving using the supposed set- 
tling lime end tho supposed idle time on the ba 
sis of determination by said determination 
mesne in Order to oxecute cross Oonirol in ft 
next print scanning cycle. 

2. The apparatus according to claim 1 , characterized 
in that 

said first storage moans stores tho sub-scan- 
ning settling times in N sub-scanning driving cy- 
cles In the past as the history information, and 
said supposed settling time determination 
means employs a maximum value stored in 
said first storage moans as the supposed set- 
tling time in the next sub-scanntng driving cy- 
cle. 

3. The appai atu* according to claim 1 , characterized 
In that 

said oeoond storage moans sioroe the main 
scanning acceleration required times In M main 
scanning drtvmg cycles in tho past as tho his- 
tory Information, and 

so id supposed idle time determination means 
employs a minimum value stored in said sec- 
ond storage means as the supposed Idle time 
In the next main scanning driving cycJe. 

4. The apparatus according to claim 1 , characterized 
]n that sard time difference determination means 
employs, as the lime difference, a lime value ob- 
tained by adding a predetermined margin time to a 



time value obtained by subtracting the supposed 
idle time from the Buppooed settling time. 

5. The apparatus according to claim 1 . characterized 
s In that only when the supposed settling time te 
shorter than a preset allowable maximum settling 
lime, said determination manna tterermlnes ihm 
cross control can bo executed. 

10 6. The apparatus according to claim 1 . characterized 
tn that when the supposed settling time exceeds a 
preset allowable maximum settling time, said deter- 
mination means inhibits cross control. 

19 7, Tho apparatus according to claim 1 , characterized 

in that When the supposed settling limo exceeds a 
preset allowable maximum settling lime, said deter- 
mination moans switches to control for starting main 
scanning operation alter an end or sub-scanning 

20 operation. 

8. The apparatus ucoordirtg to claim 1 , characterized 
In that upon powoiing on, sard supposed settling 
time determination means employs, as an initial 
2* condition, a maximum aub scanning settling time In 
tho hiGtory information of the cub scanning settling 
times of the N cycles in the past from said first stor- 
age means. 

30 9. The apparatus according to claim 1 , characterized 
in that upon powering on. said supposed idfe limo 
determination means employs, as an initial condi- 
tion, a minimum main scanning acceleration time in 
the history information oJ the main scanning accel- 

*5 ©fallen times of the M cycles in the past from said 
second storage means. 

1Q. The apparatus according to claim 1 , characterized 
in that 

said first storage means stores the history In- 
foimation of tho sub-scanning settling times of 
tho N cycles in tho past in correspondence with 
each printing condition, and 
is ©aid supposed settling time determination 

means employe a sub-scanning settling time ot 
a corresponding printing condition as an Initial 
condition In accordance with a print instruction. 

so 11. The apparatus according to claim 10. character- 
teed In that the printing condition Includes a feed 
amount of a printing medium or n printing mode. 

12. The apparatus according to cfcitm 1 , characterized 
55 in that a DC motor Is employed as a main scanning 

driving source. 

13. The apparatus according to claim 1 , characterized 
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In that a VC motor is employed us h sub-sikmnltjy 
driving source. 

14. Tho apparatus according to claim 1 . characterised 

In that * 

tho apparatus further comprise* first measure- 
ment moans Tor measuring a variation in load 
on a carriage, and 

the history Information of the main scanning ac- "> 
cele ration required time stored in said second 
storage moans is initialled on the basis or a 
measurement result from saw first measure- 
ment moans. 

15 

1 5. The appar atus according to claim 1 , characterized 
In that 

the apparatus further comprises second load 
measurement means For measuring a load var- so 
iaiion of a printing medium on a convey mech- 
anism, end 

the history Information of the sub -scanning set- 
tling time stored in said first storage means is 
initialized on the basis of a measurement result 
from a* id second load measurement means, 

16. Tho apparatus according to claim 1 , characterized 
In that 

the history of the sub-scanning settling lime 
and tho history of tho main scanning eccetora- 
lion required timo are stored in a nonvolatile 
memory, and 

the pieces of Information can be held even after & 
power-off. 

17. The apparatus accorcflng to claim 1 . characterized 
In that when control is executed by feedback using 
only speed information without using any position 40 
information, said determination means inhibits 
cross control. 

18. A printing control mot hod of con! rolling a printing 
apparatus, characterized by comprising: 4$ 



the supposed Idle time determination step 
<S10005) of obtaining a supposed Idle time 
from a next start of main scanning driving to a 
ctart of printing on the basis of the history infor- 
mation of tho irv*in ©canning acceleration re- 
quired time stored In the second storage step; 
Ihc determination step 3007) of determining 
using the supposed ^enilng rjmfi and the sup- 
posed idle Hme whether cross control in which 
main scanning driving starts before an end of 
sub-scanning driving can be executed In next 
print scanning processing; and 
the time difference determination step 
<S 130 12) or determining a lime difference from 
a start of sub-eoenning driving to the start of 
main scanning driving using the supposed set- 
tling time and the supposed idle time on the ba- 
sis of determination in the determination step 
In order to oxocute cross control in a noxl print 
scanning cycle. 

1d. Tho method according to claim 1 6, characterized 
in that 

in the first storage step, the sub-scanning set- 
tling limes in N sub-soanning driving cycles in 
the past are stored as tho history information, 
and 

in the supposed n«I1ling lime determination 
step, a maximum value stored In the first stor- 
age step Is employed as the supposed settling 
timo In the next sub-scanning driving cycle, 

20. The method according to claim 18, characterized 
In that 

in the second storage step, the main scanning 
acceleration required times In M main scanning 
driving cycles in the past are stored as tho his- 
tory information, and 

tn the supposed idle time determination step, a 
minimum vuloe slurcd in Uio second stuitiyo 
step is employed «s the supposed Idle tine In 
tho next main scanning driving cycle. 

21. The method according to claim 18, characterized 
in that in the lime difference determination step, a 
lime value obtained by adding a prodetermined 
mftrgln lime to a time value obtained by subtracting 
the supposed idlo timo from the supposod settling 
time Is employed as the time difference. 

22. The method according to claim 18, characterized 
In that only when the supposed settling time is 
shener than a preset allowable maximum settling 
time, it is determined in tho determination step that 
cross control can be executed. 



the first storage step (S13002. 107, 403) of re- 
cording a history o f a sub-scanning hoi fling time 
ot tho printing apparatus In a memory: 
the second storage Rtep (5%1A0.11 , 1 0ft , 403) of 60 
recording a history of a main scanning acceler- 
ation required timo of tho printing apparatus in 
a memory; 

the supposed settling tone determination step 
(S 1 3006) of obtaining a supposed settling lime 
in a next sub-scanning driving cycle on the ba- 
sis of tho history information of the sub-scan- 
ning settling time stored in t ho first storage step; 



SO 
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23. The method according to claim 1 8, characterized 
in that when the supposed settling timo oxcoods a 
preset allowable maximum settling limo, cross con- 
trol Is Inhibited in the determination stop. 

a 

24. Tho method according to claim 18, characterized 
In that when tho supposed sottling time oxceecls a 
preset allowable maximum settling time, In tho de- 
termination stop, control is switched to control for 
starting main scanning operation after an end of "> 
sub-scanning operation. 

2$. The method according to cfalm 18, characterized 
In that In tho supposed sottiing lime determination 
step, upon powering on, a maximum sub-scanning f* 
settling lime In the history information of the sub- 
scanning settling times of the N cycles \n the past, 
which are stored In tho Ann storages stop, is em- 
ployed as an Initial condition. 

so 

26. The method according to claim 18, characterized 
in that W the supposed idle time determination stop, 
upun powerli^g on, a minimum main scanning ac- 
celeration time in tho history Infor mation of the main 
scanning acceleration times of the M cycles in the 25 
past, which are stored in the second storage step, 

\b employed as art initial condition. 

27. Tho method according to claim 18, characterized 

in that m 

In the first storage step, the history Information 
of the sub-scanning settling times ol Ino N cy- 
cles in the past is stored in me memory In cor- 
respondence with each printing condition, and 3$ 
In the supposod settling time determination 
stop, a sub-scanning settling time oP a com> 
spending printing condition is employed as an 
initial condition in accordance with a print In- 
struction. *0 

28. Tho melhod according to claim 27, characterized 
in that the printing condition includes a feed amount 
of a printing medium or a printing mode. 

20. Tito method according to claim 18, characterized 
in that 



the mothod farther comprises tho first measure- 
ment slap of measuring a variation In Inarf on a 
carriage, and 

In the second storage step, tho history informs* 
tion of the main scanning acceleration required 
timo stored in tho memory is initialized on the 
basis of a measurement result in the firstmeas- 
urement step. 

30. The method according to claim 18, characterized 



so 



in that 

tho method further comprises the second load 
measurement stop of measuring a load varia- 
tion of a printing medium on a convey mecha- 
nism, and 

in the first storage step, tho hfelory information 
of the sub-scanning settling Hme stored rn (he 
memory Is initialized on the baste of a measure- 
ment result In the second load measurement 
step. 

31. The method according to claim 18, characterized 
in that when control is executed by feedback using 
only speed information without ustog any position 
Information, cross control is Inhibited In the deter- 
mination stop. 

32. A computer- readable storage medium which stores 
a program code mat realizes the printing control 
method of any one of claims 1 a to 31 . 

33. A printing control program whfch causes ft compu- 
ter to function to control a printing apparatus, the 
program characterized by comprising: 

first storage means (107, A03) for recording a 
history of a sub-scanning settling time; 
second borage m^ans (105. 403) for recording 
a history of a main scanning acceleration re- 
quired rime; 

supposed settling time determination means 
(107, 403, 408) for obtaining a supposed set- 
tling time in a next sub-scanning driving cycle 
on the paste of tho history information of tho 
sub-scanning settling lime stored in said first 
storage means; 

supposed Idle time determination means (105, 
403, 408) for obtaining a supposed idle timo 
from a next start of main scanning driving to a 
stan of printing on the basis of the history infor- 
mation of lite main wanning accelef tjllon le- 
quired time sloted in srtHJ second storage 
means; 

determination means (406, 313007) for deter- 
mining using the supposed GcLlDng bme and the 
supposed idle timo whether cross control in 
which main scanning driving starts before an 
nnri of sub-scanning driving nan be executed In 
next print scanning processing; end 
timo difference determination moans (408, 
S13012) for determining a limo difference from 
a siart of sub-scanning driving to the start of 
main scanning driving using the supposed set- 
tling time and the supposed WJe time on the ba- 
sis of determination by said determination 
means in order to execute cross control in a 
next print scanning cycio. 
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